. New skeletal reconstructions are based on the osteological analysis of three dimensionally preserved bones and skeletal remains. The large number of marine endemic placodont macroalgae feeders (P. gigas) in the Bayreuth sites coincides with the presence of invertebrate palaeocommunities that are characteristic of macroalgae meadow paleoenvironments. Most of the reptile species and genera from the Bayreuth localities also occur in beds of similar ages from the Monte San Giorgio (Switzerland/Italy) or Perledo (Italy) lagoonal areas. Ichthyosaurs and pistosaurs were adapted for open marine conditions, and may have migrated from the Panthalassa Oceans into the shallow marine Germanic Basin to reproduce, whereas placodonts and many other sauropterygians seem to have lived permanently in those shallow marine habitats, with large squamates and thecodont or smaller archosaurs in coastal areas.
Introduction
Several important Middle Triassic (Illyrian to Fassanian) marine vertebrate fossil localities are known from Pangaea Fig. 1A ; [7] [8] [9] [10] [11] . One such area with several bonerich sites is situated in the intracratonic Germanic Basin, in the world famous and historically important "Upper * E-mail: cdiedri@gmx.net Muschelkalk" limestone, which outcrops in the vicinity of Bayreuth, in Bavaria (southern Germany) -see Figure  1B -C; [5, 7, 12, 13] . These localities occur near Hegnabrunn, Bindlach (Bindlacher Berg), and Laineck (Oschersberg). Four of these exposures remain accessible Fig. 1C and are valuable for the recovery of missing or lost information relating to historically collected material. These small quarries were already famous at the beginning of the 19th century, with the first Placodus tooth finds reported in 1800 by Graf zu Münster [5, 14] . Intensive collecting during the 19th century, mainly by manual workers in quarries on six outcrops, resulted in the col- (Bavaria, southern Germany), and vertebrate bone-rich or skeleton localities discussed in the text (Middle Triassic Globe after [26] ; intertidals and Germanic Basin palaeogeography from [28] ; Middle Triassic localities after [1, 7, 8, 22, 23, 30, 31, 42, 101, 113, 122, 158, 159, 161] lection of thousands of, mainly marine, reptilian teeth and bones, as well as the remains of two skeletons (the first Nothosaurus: [7] ; and the first Pistosaurus: [14] ). The most famous "Triassic bone monograph", which compiled material mainly from the Bayreuth sites, was published by Meyer [7] including illustrated skeletons, skulls, and individual postcranial bones. Most of these specimens were forgotten for a long time, but fortunately only a few appear to have been lost during the two world wars.
The material illustrated by Meyer [7] , as well as other previously undescribed material, is revised herein in a new overview monograph, using multidisciplinary methods including stratigraphic studies, facies analyses, osteology, actuopalaeontology, and palaeoecology. This review has included all of the "forgotten" collections, which are spread across several German museums. These collections even include skeletons and mounted skeletal casts from a number of Middle Triassic marine reptiles of the Germanic Basin. Amongst these skeletons is the holotype skeleton of the world's only known placodont Placodus gigas [15] , the original being in the Senckenbergmuseum in Frankfurt [15] [16] [17] , with casts exhibited in the Urwelt-Museum Oberfranken at Bayreuth and at the University of Tuebingen [18] . Also included in these collections is the holotype skeleton of the placodont Henodus chelydrops [19] , the paratype skeleton of Pistosaurus longaevus [20, 21] , skeletal casts of Simosaurus gaillardoti (cf. [22] ), several original skeletons of the pachypleurosaur Neusticosaurus pusillus [23] , as well as other skeletons such as holotypes and originals from the amphibians Mastodonsaurus giganteus and Gerrothorax pustuloglomeratus [24, 25] .
Several German collections also contain many Middle Triassic reptile skeletons from the Germanic Basin that have never been recorded from Monte San Giorgio (for example Placodus gigas). However, this research focuses on the Middle Triassic marine and coastal species from the Upper Muschelkalk of the Bayreuth area only and provides an overview of the palaeobiodoversity of this rich reptile faunal assemblage. This study does not attempt a global revision of all Middle Triassic reptiles, despite the need for such a revision, which was started [10] . In this contribution some species which were belived to be endemic are revised to occur with similar species in the Monte San Giorgio and the Germanic Basin.
The historical Bayreuth reptile discoveries are from late Illyrian to Fassanian and new material was collected from a road cut from the early Longobardian layers (the middle of the Middle Triassic), a period in which major expansion of the marine Germanic Basin took place [26] [27] [28] [29] . The famous Muschelkalk invertebrate and vertebrate "Muschelkalk-Fossillagerstätten" fossil deposits [30] include abundant cephalopod ceratites and extensive crinoid bioherm colonies [31] . The Muschelkalkmuseum at Ingelfingen houses an overview selection of these worldfamous Muschelkalk fossils, and is also famous for its late Upper Muschelkalk reptile skeletons of the thecodont archosaur Batrachotomus kupferzellensis, as well as many skeletal remains of amphibians from southern Germany [31] .
Of worldwide importance are the holotypes and originals of fish from Bayreuth [32, 33] and, in particular, the reptile remains such as the placodont holotype and original skulls of Placodus and Cyamodus [3, 4, 6, 7, 10, 12, 13, 20, [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] . Cyamodus remains from Germany have recently been revised, including a full osteological and palaeoecological review [44] , and the main Placodus gigas material from Germany has also now been revised in a separate monograph [17] . Not only have individual skulls, teeth and bones been collected from the Bayreuth area, but also articulated skeletons of the first described nothosaur Nothosaurus mirabilis in the world, and the only known skeleton of the pistosaur Pistosaurus longaevus [6, 7, 21, 45, 46] . Several bones from the famous "longnecked lizard" squamate Tanystrophaeus conspicuus [7] of the Germanic Basin (mainly from Bayreuth sites), have also been re-examined [47] .
The German Middle Triassic fossil collections cover a longer history and stratigraphic range than the Monte San Giorgio Swiss/Italian collections and have at least as much international value. Compared to the tectonically deformed and compressed bones of the Monte San Giorgio skeletons (for example [10, 48] ), the Germanic Muschelkalk bones are mostly preserved in three dimensions (see [7] , and the new "bone atlas" presented herein ) and provide further information and interpretation possibilities with regard to the precise bone osteology and histology, skeletal reconstructions, and the locomotion of these reptiles. The reconstructions of reptile skeletons from the Germanic Basin presented in Diedrich [49] are updated with few modifications based on combined interpretations from skeletal material and individual bones.
The Bayreuth region of Germany represents an important part of the geological and palaeontological history of the Upper Muschelkalk in the Germanic Basin [27, 31, [50] [51] [52] [53] [54] [55] . It has provided information that allows palaeogeographical, biogeographical, and palaeoenvironmental maps to be compiled showing the development of the Germanic Basin during the Middle Triassic [28] , as well as the establishment of basin-wide facies correlations using Germanic ceratite biozones.
The similarities between the faunas of Monte San Giorgio and the Germanic Basin, together with an improved understanding of the global palaeobiology of Middle Trias-sic reptiles, mean that earlier models proposed by Rieppel and Hagdorn [42] now need to be considerably modified and updated with respect to the habitats, palaeoecology, and biogeography of the placodonts. In particular, the theory that "Triassic Sea Cows" (not only Placodus gigas) were macroalgae feeders and exhibited convergent development with Sirenian seagrass feeders [43, 56] will be supported herein through the review of the Bayreuth localities, their facies, and analysis of their qualitative and quantitative reptile faunal assamblages. The analysis of facies-relationships, which have not been discussed in any detail by previous authors such as Rieppel and Hagdorn [42] or Schoch and Wild [22] , is the key for understanding the global distribution and palaeobiology of marine reptiles in Pangea, its intracratonic shallow marine basins and the coasts of the Tethys. Cladistic analyses of the marine reptiles, such as have now been performed many times on the Bayreuth material [57] [58] [59] [60] [61] [62] , only contribute to a partial understanding of their phylogenetic relationships, but do not offer any explanations for their palaeobiology or their distribution, and have even led to misidentifications, discussed in this paper for Lariosaurus or Ceresiosaurus.
Materials and Methods
The four main historical vertebrate and invertebrate collections (Bindlach-Bindlacher Berg I-IV, LaineckOschenberg, Laineck-Rodersberg, and Hegnabrunn) from six quarry localities along the Lainecker Höhenzug region near Bayreuth have been studied using an interdisciplinary approach (for localities see Figs. 1C and 2).
Included in the study were all the holotypes, original specimens, and other unpublished bone material from the Bayreuth quarries (Figs. 2B-C) in an attempt to understand their context in terms of facies and palaeoenvironment. These specimens are housed in the Senckenbergmuseum, Frankfurt (SMF: mainly coll. Strunz), the Urwelt-Museum Oberfranken, Bayreuth (UM-O: mainly coll. Münster, Meyer and Strunz), the State Museum of Natural History (Museum Staatliche Naturhistorische Sammlungen) in Stuttgart (SNSD: mainly coll. Wild), the Bayrische Staatssammlung at the University of Munich (BSP: parts of the coll. Meyer and Münster), the University of Tübingen (UT), and the Natural History Museum of the Humboldt-University, Berlin (MB: mainly coll Strunz, and Meyer). A small quantity of material is also stored in various other museums such as the Natural History Museum, Erfurt (ME), the Naturkundemuseum, Bamberg (NMB), and the Natural History Museum in London (NHMM). Skeletons used for comparisons are housed in the Paläontologische Museum of the University of Zürich (PIUMZ).
The stratigraphy, sedimentology and facies of all the accessible Bayreuth exposures have now been studied in comprehensive investigations based on recent fieldwork. This was considered necessary because neither the stratigraphic ages nor the facies relationships of the fossil discoveries from the various quarries were previously well understood. The Lainecker Höhenzug ridge was explored to the north of Bayreuth, between Hegnabrunn and Laineck, in order to relocate those historical outcrops that remained accessible (Fig. 1) . The Hegnabrunn quarry, with its middle Upper Muschelkalk section, forms one of the largest and best exposed sites and has not been backfilled. Some of the other sites have, however, been at least partially backfilled while those at Laineck-Oschenberg and Laineck-Rodersberg have been completely backfilled. Only the upper parts of the Bindlach 1 and 2 localities are now accessible, the lower parts being covered by gravel dumps. The stratigraphy and sedimentology of three of these historical quarries was studied. In 2010 a new road cut between Bindlacher Berg and Oschersberg, northeast of Laineck, exposed the uppermost Upper Muschelkalk for a short time, thus completing the section part of the late Upper Muschelkalk to early Keuper. The ceratite occurrences in particular were compared in order to understand the biostratigraphic range of each section and bone bed ages. New ceratite material was collected from the gravel dumps or taken directly from the sections, allowing a first biostratigraphic subdivision of the sections (Fig. 2) . Sediments attached to bones in the collections often provided supporting evidence for stratigraphic reconstructions of the source horizon. Terebratulid shell-bed material is very often the main carbonate rock-type attached to bones, or glauconitic limestones, both of which are typical lower to middle Upper Muschelkalk sediments of Bayreuth.
Using the two skeletons of Nothosaurus mirabilis (coll. UM-O) and Pistosaurus longaevus (coll. SMF), it was possible to identify many single bones for the first time, which resulted in the separate publication of about 200 individual Pistosaurus bones, recovered mainly from the Bayreuth outcrops [21] . The Nothosaurus mirabilis postcranial skeleton is currently under preparation; only certain important bones prepared from the skeleton are figured herein which were important for distinguishing single bones from other reptiles (as well as for the new reconstruction of the skeleton). This skeleton has been important for the successful identification of several hundreds of individual bones from this species. The identification of this material also assisted in the identification of bone material from Paranothosaurus giganteus, the largest of all the Bayreuth reptiles, which was then compared with the skeleton from Monte San Giorgio (P. amsleri, coll PIUMZ). These single bones are also presented herein. Finally, the Cyamodus and Placodus remains were identified, making special use of the Placodus gigas skeleton from Steinsfurt (coll. SMF R1035) and the Cyamodus kuhnschnyderi skeleton from Monte San Giorgio (coll. PIUMZ). Following new determinations it was possible to identify several hundred single bones from the Bayreuth material, including some from the previously overlooked or mis-identified sauropterygian Lariosaurus. A cast of a large individual skeleton of Lariosaurus balsami from Comer Lake (Italy) and an original young individual specimen from Perledo (Italy) were used for the comparisons (cast of an older individual skeleton in coll. BSP with no I.D. number, and a younger individual original skeleton in coll. SMF, no. R.13B).
Geology

Stratigraphy and sedimentology
Three main sections have provided a preliminary overview of the Illyrian to Longobardian (Upper Muschelkalk) limestones (Fig. 2) , which have a total thickness of about 70 m along the western margin of the Bohemian Massif. The Hegnabrunn section, which is the most northerly, the Bindlach 1 section, which is similar in age but has much less accessible outcrops, and the Laineck road cutting, which is the most southerly of the three, combine to provide an almost complete Upper Muschelkalk marine sequence. Marked lithological and faunal differences can be seen between the sections, as well as from other basin or marginal facies sections in Germany (Fig. 3) . These lithological and facies differences have allowed the identification of two new formations: the Bindlach Formation and the Hegnabrunn Formation. Litho-and chronostratigraphy: The 22 metres exposed Bindlach section starts at the mm/mo boundary (Middle/Upper Muschelkalk): only 50 cm thickness is exposed of the top of the uppermost Middle Muschelkalk Diemel Formation up to the basal Hegnabrunn formation (Illyrian).
Biostratigraphy: Ceratites including Ceratites (Doloceratites) pulcher, Ceratites (Doloceratites) robustus, and Ceratites (Opheoceratites) compressus were found in the accessible part of the Bindlach 1 and 2 quarries, mainly within the marl beds (coll. UM-O). All three species were collected from the gravel dump, but a few specimens also came from within the section itself (Fig. 2) , allowing the first biostratigraphic zonation and dating into the Illyrian of this quarry section and the neighbouring Bindlach quarries. These quarries occupy a similar elevation and cover a similar stratigraphic range due to horizontal stratification along the Bayreuther outcrops.
Lithology: At the bottom of the Bindlach quarry are repetitive yellowish, dolomitic, 2 cm to 5 cm thin to 20 cm thick-bedded platy limestones. Above the Middle/Upper Muschelkalk boundary first glauconitic and terebratulid dominated massive limestone beds start the lithiological change. About 6-8 metres of the following lowermost Upper Muschelkalk are covered by the gravel dump. The upper parts of the Bindlach Formation are exposed and consist of several parasequence series totalling about 22 metres in thickness. The lithology comprises cyclic repetitions of similar bioturbated greygreenish glauconitic marlstones (5-50 cm thick), greenish glauconitic marlstones with carbonate nodules, greygreen marlstones, grey wavy marlstones (= "Wellenkalke" in Lower Muschelkalk facies type), and 5-30 cm thick terebratulid dominated and fossil-rich bioclasts and oolites containing limestone beds, which later also include bone beds, and finally crystalline grey-white thin limestone beds. The last thick glauconite marl bed in the compressus biozone below the Spiriferina Bed is defined as the top of the Bindlach Formation.
Bone bed layers: Three main bone beds can be identified in the Bindlach Formation from the abundance of fishscale remains (larger bones are rarer and not possible to excavate in the sections): the pulcher, robustus and compressus bone beds. The presence of several bone bed layers within this section explains the large quantity of vertebrate remains recovered in historical times. These can be re-dated into the atavus to compressus (or possibly to the evolutus) ceratite biozones of the basal Upper Muschelkalk (late Illyrian to late Anisian). The vertebrate reptile fauna in this facies is dominated by placodonts (mainly Placodus, with fewer Cyamodus and only rare Paraplacodus), pistosaurs (Pistosaurus), and nothosaurs (rare Simosaurus, abundant Nothosaurus, and a small proportion of Lariosaurus), but also includes pachypleurosaurs (Neusticosaurus) and extremely rare ichthyosaurs (Shastasaurus, Omphalmosaurus) or terrestrial reptiles (Tanystrophaeus; cf. Fig. 3 Lithology: The Formation starts with the top of the Bindlach section and consists of two thick, terebratulid-rich shell layers, in which the presence of small, 1-2 millimetre glauconite sand particles is unique within the tempestite shell beds. These beds are similar in glauconite content and tempestite origin to the south German well distributed Spiriferina Bed. At Hegnabrunn the section continues the Hegnabrunn Formation with two relatively thin sequences comprising terebratulid limestone bioclastic layers and marlstones, including limestone beds, which appear to fall within the praecursor zone (Fig. 2) . The sequences of the following praespinosus zone are rhythmic and smaller scaled (10-40 cm thick), consisting predominantly of terebratulid limestone bioclastic beds that developed into hardgrounds with Balanoglossites/Trypanites burrows. Enantiostreon oysters are commonly attached to the hardgrounds. These tempestites are overlain by glauconitic, nodular, marly limestones. The spinosus zone has two sequences, starting with several metres of massive terebratulid bioclastic beds and followed by thick autochthonous, glauconitic, nodular, marly limestones (Fig.  2) . The postspinosus zone exhibits a change to yellowish platy limestones and variable massive terebratulid bioclastic limestone beds (Fig. 2) . In the penndorfi zone two 40 cm thick massive terebratulid bioclastic limestone beds are developed, which are again overlain by greenish, glauconitic, nodular, marly limestones that form the top of the quarry section, but probably not the top of the Formation, which remains unexposed.
Bone bed layers: One of the tempestite shell layers is a bone bed -the evolutus bone bed. Another bone bed appears at the boundary between the spinosus and postspinosus zones; the last bone bed is the postspinosus bone bed.
Laineck-road cut: The section (GPS coordinates: 49
• 59'5.54"N; 11
• 38'57.67"E; Fig. 2 -part Laineck) was exposed on the Oschersberg.
Litho-and chronostratigraphy: It comprises the middle part of the Upper Muschelkalk of the Meißner and Warburg Formations (Fassanian to early Longobardian) over a total height of about 21 metres, but a section between the lower and upper parts was not accessible. A 10 cm thick dark claystone bed within the sublaevigatus zone is possibly useful as a marker bed.
Biostratigraphy: Several ceratites were found mainly within the Tonplatten facies, including two well preserved C. (C.) sublaevigatus steinkerns. Within the beds of small terebratulids (which often exhibit colour preservation) a steinkern of C. (C.) nodosus (in the ("Albertii Bed") dates the base of this second part of the section. The section reaches even higher into the early Keuper of the early Ladinian (semipartitus biozone) of the Warburg Formation, but no large ceratites were found above the nodosus zone during this field work, and might be absent in this already strong terrestrial influenced facies.
Lithology: After several metres of interbedded dark-grey marl layers and thin micritic limestone layers (= Tonplatten) the "Alberti Bed" is possibly represented as a thick bioclastic bed. This bivalve and terebratulid shell-rich bed contains few vertebrate bones or teeth and includes some hardground layers. Following a brief hiatus the section continues with a marked lithlogical change to bioclastic limestone beds dominated by smaller terebratulid shells and one of those beds seems to be the "Beds of small Terebratulids". Finally, following these sedimentary cycles and their marine deposits, grey dolomitic marls from the terrestrial influenced Warburg Formation occur at the top of the section (Figs. 2D, 3) , which explains the absence of ceratites in this region.
Bone bed layers: The first one is the nodosus bone bed. Placodonts appear to be absent above the nodosus zone, where limnic amphibians and lagoon-adapted reptiles such as askeptosaurs appear. Overlying the last tempestite layers several thin bone beds are developed, but also the three terebratulid beds that are well distributed in southern Germany. These are in turn overlain by the boundary bone beds, which contain richer vertebrate remains including bone elements from Blezingeria sp. (vertebra centrum), Mastodonsaurus sp. (vertebra centrum), and Nothosaurus giganteus (vertebra centrum), as well as coprolites. Actinopterygian scales or teeth and shark teeth (mainly Acrodus) are abundant.
Facies and palaeocommunities
There are several palaeocommunities in the Upper Muschelkalk facies types of the Germanic Basin (Fig. 2) , four of which have been found within the Bayreuth sections. Some apparent variations in the palaeocommunities within particular Muschelkalk facies types (cf. Figs. 2-3 ) is simply due to variations in the invertebrate taphonomy. Eigth main facies dependant palaeocommunities are known in the Upper Muschelkalk of Germany:
The intertidal biolaminate community ( Fig. 2A) of the Diemel Formation (top of the Middle Muschelkalk) is well defined stratigraphically in Bachmann and Kozur [54] and from the facies and paleoenvironment of the biolaminates of the basal Diemel Formation (= mm1 substage) in Diedrich [62] it is not yet or anymore exposed in the Bayreuth localities, but must be present below the dolomites of the basal exposed section in, for example, the Bindlach 1 quarry. This is indicated by a small horseshoe crab find [63] , which is recently identified to have come from those intertidal deposits of the Bayreuther region [62] . Autochthonous macrofauna is absent from such intertidal biolaminates, except for limulid trackways ( [28, 62] ) and rare limulid body fossils [62] , which have been reported from the Bayreuth area (Limulus agnotus [63] ) and other German sites, together with juvenile horseshoe crabs which are indicative of reproduction carbonate mud flats [62] . Most common are vertebrate tracks Procolophonichnium, Rhynchosauroides, Chirotherium, Isochirotherium and Synaptichnium [28, [64] [65] [66] from five terrestrial coast-dwelling reptiles. Tracks would be expected in the Lainecker Höhenzug intertidal deposits because of their marginal position, but there is a lack of outcrops.
The lagoonal hypersaline community ( Fig. 2B ) defined for the mm1 Substage of the Diemal Formation in Hagdorn and Simon [67] appears at the base and also at the top of the Middle Muschelkalk, as well as in part of the Diemel Formation, but is poorly exposed at Bindlach 1. The fauna in the platy dolomitic limestones of the Germanic Basin is typically strongly reduced and dominated by the infaunal Neoschizodus orbicularis bivalve, which is mostly found concentrated in tempestite deposits together with bones and rare skeletons of the pachypleurosaur Anarosaurus pumilio or Phygosaurus sp., and Nothosaurus marchicus remains (cf. [64, [67] [68] [69] ), in shallow subtidal channels.
An oolitic sand bar community (Fig. 2C ) of the basal Upper Muschelkalk has been recognised and described in the Germanic Basin (cf. [31, 52] ) and at Bad Sulza is associated with a bone bed [44] , but has not yet been documented in the Bayreuth quarries. It can, however, be expected in the unexposed base of the Bindlach quarries. At Bad Sulza (in central Germany) these carbonate sands contain a very important marine vertebrate fauna that includes fish and shark remains but is mainly made up of sauropterygian reptiles such as Nothosaurus juvenilis, Simosaurus sp., Neusticosaurus sp., the lariosaur Lariosaurus cf. buzzii, placodonts Placodus gigas, Paraplacodus sp., Cyamodus sp., and pistosaurs Pistosaurus longaevus [44] . The benthic invertebrates in the Germanic Basin are the bivalves Astartellopsis nuda, Neoschizodus ovatus, Neoschizodus laevigatus, Neoschizodus germanicus, Elegantinia elegans, Parallelodon beyrichi, Pseudomyoconcha mülleri, and Entolium discites, while the scaphopods are represented by Plagyoglyptaf sp. [31] . Gastropods tend to be large forms including Undularia scalata, nautilids are rare (Germanonautilus sp.), and ceratites are absent. In some intercalating hardgrounds, the ichnites Balanoglossites and Trypanites are common or abundant [70] .
The terebratulid hardground community ( Fig. 3E ): In the Upper Muschelkalk, the terebratulid Coenothyris vulgaris can form massive limestone beds (10 metres in northwestern Germany along the Teutoburger Wald mountain chain, [71] , for example at Bissendorf there are more then 10 metrees of terebratulid floatstones/wackestones in the middle section of the Upper Muschelkalk ("Hauptterebratelbank", in the evolutus biozone of the Osnabrück Formation, [49] ), which is diachronous and similar to the thinner and stratigraphically younger "Hauptterebratelbank" (in the nodosus biozone of the Meißner Formation, Fig. 2 ) in southern Germany [31] . Within some layers of the terebratulid beds these brachiopods are still articulated and have undergone little transport. In most layers they occur as single valves, as is commonly the case in the Bindlach, Laineck and Hegnabrunn tempestites, indicating reworking and/or transport and suggesting that this is not the original habitat for these terebratulids. A few hardground beds occur within thicker series of shell-beds. These are penetrated by Trypanites and Balanoglossites drilling/boring types of ichnites. The oyster Enantiostreon spondyloides is found attached to these hardground surfaces [31] , in the positions in which they lived, as seen abundantly in the Bindlach and Hegnabrunn sections. These hardgrounds were also most probably the original habitat and attachment substrate for the terebratulids, which were washed by coastal storm events into the deeper water palaeocommunity habitats described below.
Glauconitic marl softground community ( Fig. 3D) :
The greenish glauconitic nodular marl layers are 5-30 cm thick and contain many faunal remains. These sediments have infilled burrows of Thalassinoides, Planolites and Rhizocorallium, which are the most abundant in the Upper Muschelkalk shallow marine sediments of the Germanic Basin [70] . These marls have a mixed benthic mollusc and pelagic ceratite fauna, which is similar to that which has been illustrated for the lower Upper Muschelkalk Hassmersheim Marls (atavus Biozone) of southern Germany [31] , except that these do not include the Pleuronectites laevigatus with radial colour stripes that can be found at Bindlach. The bivalve mud-stickers, such as the abundant Pleuromya muscoloides and the less abundant Myophoria vulgaris, are often found double-valved and buried in life position ( Fig. 2A) . This is also the case for for doublevalved epifauna such as Hoernesia socialis and Bakevellia costata, which are found all over southern Germany [31] . This palaeocommunity, which is mainly present in the Bindlach Formation, is important for providing indirect proof of macroalgae especially by the presence of the gastropod Neritaria [31] , whereas a detailed invertebrate palaeocommunity assemblage study is lacking. Tem- pestite beds are intercalated with the marls, and consist mainly of the shells of terebratulids that originally lived in a hardground palaeoenvironment (see terebratulid hardground community described above). Many vertebrate remains have been found in, or directly below, the Coenothyris terebratulid shell-beds of these hardground communities ( Fig. 3) , including skeletons and many holotypes.
Crinoidal bioherm communities (Fig. 2F) are not known from the Bayreuth facies, but are very common on the steeper carbonate ramps of the Germanic Basin that are found in south-western and central Germany [31, 52, 72] , and are well presented in bioherm and facies models [31, 52] . The Encrinus liliiformis crinoids mostly form colonies up to one metre in diametre on crinoidal floatstones or are attached either to larger shell remains of bivalves, or to each other at their bases by holdfasts. The habitats of the crinoidal bioherms are not the crinoidal limestone facies found at lower levels, which are bar deposits [52] . Between the crinoids, epifaunistic bivalves settled on the firm-and hardgrounds [31] , together with the oysters Newaagia noetlingi and Enantiostreon difforme. The small oyster Placunopsis ostracina, which is found in various facies types and on the shells of other organisms, is found in Bayreuth attached to other bivalve shells. Mytilus eduliformis, Myalina blezingeri, and Pleuronectites laevigatus often had a byssate mode of fixation. Spirorbis valvata microconchids were also cemented onto other shells, while regular short-spined "biohermadapted" sea urchins such as Serpianotiarias coaeva were vagile benthos. Plagiostoma striatum was an epifaunis- tic bivalve, as was the gastropod Naticella triadica [31] . Brachiopods also settled on hardgrounds, but in smaller amounts. Within the crinoidal facies vertebrates are extremely rare in the fossil record.
Tonplatten soft ground community (Fig. 2G) : The marlstone and thin platy to banked limestone layers known as "Tonplatten Facies" (for example [52] ), which are particularly evident in the Lainecker road cut section (Fig.  2) , are made up of lumachelle accumulations or micritic limestones -facies types that are very common all over the central parts of the Germanic Basin [52, 73] . The reworked infauna of the underlying sediments consists of the infaunistic Palaeonucula sp., Palaeoneilo elliptica, and Myophoria vulgaris, and the epifaunistic Plagiostoma striata, Hoernesia socialis, Bakevillia costata and Entolium discites [31, 74] the gastropods Ampullina sp. and Loxonema sp. probably fed on the substrate or on shell accumulations. All benthic and pelagic animals are mixed together in the storm beds, along with ceratites that form ceratite accumulations within the Germanic Basin [31, [75] [76] [77] [78] . Skeletons of vertebrates have been (rarely) found within such facies, including the famous skeleton of Placodus gigas [16, 62] .
Placunopsis bioherm communities: These communities described by Hagdorn [79] are typical of the uppermost Upper Muschelkalk in some regions, especially in the southern Germanic Basin. The small oyster Placunopsis ostracina is abundant in some beds (the ostracina Bed), and can form stromatolite-like bioherm structures about one metre in diametre (cf. [31] ), but such bioherms have not been found in any of the Bayreuth sections.
Palaeontology
Vertebrate taphonomy
The suggestion that the appearance of marine reptiles (predominantly facies-specific placodonts such as Placodus or Cyamodus) is indicative of macroalgae-rich palaeoenvironments [43, 56] is supported by evidence from the Germanic Basin vertebrate analyses (Fig. 15 ) and palaeoenvironmental models described herein, and in particular by the the Bindlach and Hegnabrunn palaeocommunities (Figs. 2-3 ).
The placodonts appear mainly within the terebratulidshell tempestites which are made up of brachiopods that originated from the shallow marine hardgrounds of the terebratulid hardground community. This fanual assamblage was placed in former times into the deep subtidal zone below the crinoidal ramp facies [31, 52] . However, in this study the assemblage is placed above the crinoidal ramp facies in a more shallow environment, as in the Upper Muschelkalk model of Duchrow and Groetzner [71] for the terebratulid facies, or the Lower Muschelkalk model of Lukas [80] .
There are several arguments in support of this latter interpretation. Terebratulids needed clean and turbulent water (for example [71, 80] ), a requirement that was best satisfied in the bar facies hardground areas and hence some terebratulids appear together with the crinoidal community (Fig. 3F) . Remains would have been washed in both directions from the bar facies which has led to confusion in the reconstruction of their real habitat, but the main drift was towards the coast, which is documented in the terebratulid shell accumulations and terebratulid beds (= Terebratelbank", 10 metres in thickness) especially in northwestern Germany where crinoid bioherms are missing, in the Bissendorf shallow marine western Germanic Basin region (cf. [71] ). In those very shallow regions crinoids are nearly absent (only one trochitic bed in Bissendorf, see [49] ) being the result of a more shallow position of terebratulid colony settlements (3-5 metres, after [71] ) such as crinoid colonies (5-10 metres, after [52] ). The sections compared (Fig. 3 ) support this facies zonation -more abundant Terebratelkalke which are even more thick occur towards the coasts (Fig. 3 , section Bayreuther localities and Bisendorf), while more crinoidal dominated Trochitenkalke and Tonplatten towards the basin (Fig. 3 , section Lamerden). Terebratulids are therefore more coastal, shallow habitat settlers such as crinoids. The sections at Bissendorf, Bindlach, and Hegnabrunn (Bayreuther sites) also provide evidence that the primary terebratulid habitat was above the crinoid "forests", in less than about 5 metres of water depth (cf. [71] , see Fig. 3 ), while in the Lower Muschelkalk even shallower conditions are interpreted for terebratulid growth areas [80] . The brachiopods eventually accumulated in the tempestite shell deposits of the shallow marine carbonate ramp, as can be seen at the Bayreuth sites, but also at Bissendorf, where those form massive coastal bar deposits [71] . In summary, the terebratulid palaeocommunities are interpreted herein to have existed mainly above the crinoidal ramp on extensive hardgrounds that formed in shallow water conditions, where crinoids were no longer able to exist. The brachiopod shells were then transported during storm events and complete specimens and single valves formed secondary (allochthonous) accumulations, together with the vertebrate bones of marine reptiles and actinopterygian and shark remains, between the bar and the coastal palaeoenvironment (also Bissendorf, [49] ). In some cases complete reptile carcasses were covered by such accumulations (for example, N. mirabilis and P. longaevus skeletons). 
Vertebrate biodiversity
The Bayreuth sections produced many fish scales and shark teeth, and although these can be easily found today in the bone bed outcrops they are poorly represented in the historical collections, making up only about 5% of the vertebrate remains. A selection of the species represented at Bayreuth is described below and compared to material from Monte San Giorgio, and anterior or lateral teeth from Hybodus longiconus [3] (Figs. 4.1-3) , an Acrodus gaillardoti [3] lateral tooth (Fig. 4.4) , an Acrodus lateralis [3] lateral tooth (Fig. 4.5) , a Polyacrodus polycyphus [3] lateral tooth (Fig. 4.6) , and Palaeobates angustissimus [3] teeth.
Fish remains: Some actinopterygian fish remains are original specimens and holotypes, such as Birgeria mougeoti [33] ; Fig. 4 .8, which were not redescribed and included in a recent revision of the Monte San Giorgio Birgeria specimens [88] , or Colobodus frequens [32, 89, 90] Fig. 4.7) . There are also some more jaw fragments (splenial, vomer) from C. frequenz, in various different collections.
Reptile remains: The historical vertebrate bone collections mostly comprise of reptile remains (about 95%). For qualitative analyses, the most important published (and also many unpublished) postcranial specimens is presented herein (Figs. 5-14) . Many incorrect identifications of postcranial bones are corrected, and other previously un-identified bones have now been identified. After more than 150 years the Bayreuth bone collection and the Meyer [8] monograph have thus been fully revised, including the following material.
Placodus gigas (Agassiz, 1833): Skeletons and many single bones from Bayreuth and other German sites have been reviewed [17] and material from the Bayreuth sites compared to the only known, (almost) complete skeleton of P. gigas in the SMF [16] . The holotype skull (Fig.  5.1 , BSP no. A5 VII 1208) has subsequently been reillustrated by Broili [91] , Sues [46] , and Rieppel [10] . More then 25 known skulls and many lower jaws (illustrated in [17] ), more then 600 individual teeth, and some hundreds of postcranial bones, are known from this species in Germany, mainly from the Bayreuth exposures. A selection of cranial and postcranial bones from the Bayreuth localities have been illustrated herein (Fig. 5 ) in order to demonstrate their anatomical differences from the bones of other reptiles. Very characteristic among the postcranial bones are the pectoral (interclavicula: Fig. 5 . 5, scapula: Figs. 5.6-7) and pelvic elements (ilium: Fig. 5.19 ), as well as the procoel vertebrae centrae that are typical only in placodonts (Fig. 5.16 ), with their two large lateral processi on the cervical vertebrae (Figs. 5.9-10) and up to 6 cm long lateral processi on the dorsal vertebrae (Figs. 5.11-15 ). Also characteristic are the triangular-shaped osteoderm bones (Figs. 5.17-18 ), which are above the vertebral column. The humeri are distally extended (Fig. 5.8) , whereas the femorae have a well developed trochanter (Fig. 5.20-21) . Different sizes are all well represented in the Bayreuth material, indicating the presence of a large population and providing material suitable for ontogenetic studies [17] . These diving reptiles have been referred to as a "Triassic sea cows" because they appear to have fed on macroalgae meadows [49, 56] in shallow marine macroalgae-rich palaeoenvironments, as also appears to have been the case in the Bayreuth region.
Cyamodus rostratus (Münster, 1839) and Cyamodus muensteri (Agassiz, 1839: Several skulls of Cyamodus (known as "Schnabelplacodus" in German) have been described from the Bindlach localities (compilation in [56] ), of which the most important are illustrated in Figure 6 . All of these skulls from the earlier species (atavus to evolutus zones) of Cyamodus rostratus [4] (U-MO no. BT 748) are holotypes and originals described by Owen [35] (NHM no. R.1644, holotype to "P. laticeps"), or Drevermann [37] lower jaw, UM-O BT 2172). The younger species (evolutus to spinosus zones) of Cyamodus münsteri [5] is represented by an old animal (Fig. 6.4 , UM-O BT 1210a) and a solitary juvenile skull (Fig. 6.3 , NHM no. R.1644). Only postcranial bones are known from Bayreuth, including a carapace fragment from Hegnabrunn (Fig. 6.6 , SMNS no. 81600) that has also previously been used in various descriptions of the placodont armour ( [38] , [92] ).
Neusticosaurus sp.: The remains of a small pachypleurosaur have previously been illustrated by [7] , but only [49] , modified here in the extremities; skeleton based after "P. amsleri Peyer, 1939" (P. giganteus) skeleton from the Monte San Giorgio). 1. P. giganteus [2] skull (cast) of a very large specimen from Bindlach, Bindlacher Berg (SMF no. R471, "Nothosaurus baruthicus" holotype to [45] ), a. dorsal, b. original ventral, c. original lower jaw. 2. P. giganteus [2] skull of a medium sized individual from Bindlach, Bindlacher Berg (UM-O without no., "Nothosaurus andriani" holotype to Meyer [34] ), ventral. a small amount of material is present in the collections from the Bayreuth sites. Nearly all of this material consists of cervical to caudal vertebra centra (Fig. 7.8) , to which can now be added a single femur (Fig. 7.9) . A clear assignation to a particular species remains problematic, but skeletons described from Monte San Giorgio ( [93] [94] [95] [96] [97] ) and Germany [87] need to be taken into account, especially those of N. pusillus [93] .
Simosaurus cf. gaillardoti Meyer, 1842: Only a relatively small number of postcranial bones have been identified (Fig. 11) within the large SMF, UM-O and MB collections, using the original skeleton finds [98] and descriptions of cranial and postcranial elements [58] , as well as direct comparisons with two mounted skeleton casts in the SMF and SNSD exhibitions. Simosaurus appears to be rarer in the Bayreuth localities resulting from the missing outcropping upper parts of the Upper Muschelkalk (Bindlach and Hegnabrunn sites). Following comparisons with the listed collections most of the remains, such as the lost holotype described by Meyer [99] from Luneville (France, see [58] ), appear to be from the upper part of the Upper Muschelkalk (Longobardian). Two humeri (Figs. 11.1-2) , an ulna and a single radius (Figs. 11.3-4) , a femur ( Fig.  11.6 ), and a fibula and tibia (Figs. 11.7-8 ) are the extremity bone elements identified from Bayreuth sites. Even vertebrae are rare, and only one typical dorsal vertebra can be illustrated (Fig. 11.5 ). The Simosaurus skeleton reconstruction used was taken from Diedrich [49] . The swimming style of the animal is reported to be a combination of axial swimming supported by a rowing action of the limb extremities [58] .
Nothosaurus mirabilis Münster, 1834: Remains from this large nothosaur are presented herein, including the rediscovered paratype skeleton from the Oschersberg location at Laineck (Fig. 8.28 , UM-O with no number). Some important single newly-prepared bones are illustrated for the first time (Fig.8) . A third, too large, humerus and an incorrectly identified femur were originally included in a plaster jacket (Fig. 8.28 ). It was possible to determine several single bones during the preparation process (especially in the UM-O coll.), which allowed them to be separated out from the Paranothosaurus giganteus (Figs. 9-10), Pistosaurus longaevus (see details and bone list in [21] ), Simosaurus gaillardoti (Fig. 11) and placodont (Figs. 5-6 ) material, all of these being larger animals. The vertebral column of the N. mirabilis holotype skele-(a) (b) Figure 11 . Simosaurus gaillardoti Meyer, 1842 remains from the Bayreuth quarries (S. gaillardoti skeleton reconstruction from [49] ton starts with the first cervical vertebra, and includes all of the dorsal (middle dorsal, Fig. 20.13 ) and half of the caudal vertebra. Pectoral bones, pelvic elements (ischium, Fig. 8.26 ), forelimb bones (humerus, Fig. 8.8 ) and hind limb bones (femur, Fig. 8.20 ) have been preserved, allowing minor modifications or corrections to be made to the skeleton reconstruction presented previously [49] . Anatomical comparisons between this skeleton reconstruction and the "Ceresiosaurus calcagnii [100] of Monte San Giorgio appear to support the suggestion that these two genera are synonymous, which would be a similar situation to that of Lariosaurus buzzii and Paranothosaurus giganteus. It seems likely that Nothosaurus mirabilis might be present in the Monte San Giorgio fauna because it is also known from elsewhere in the north-western Tethys, at Siles in Spain [101] . Following this new revision of the Illyrian-Fassanian reptiles most of the marine reptile genera found in Monte San Giorgio can now be described as present also in the Germanic Basin, which was connected to the north-western Tethys thus allowing an easy faunal interchange.
Paranothosaurus giganteus (Münster, 1834):
This species is based on the holotype skull fragment from Bindlach (from one of the Bindlacher Berg quarries, UM-O no. BT 685). The largest skull ever found with its lower jaw intact is described by Geissler [45] , "Nothosaurus baruthicus", SMF no. R471; Fig. 9 .1), which was also found at the Bindlacher Berg near Bayreuth. Many single postcranial bones in the UM-O and SMF collections were re-sorted and some from other collections were also identified during the course of this research, mainly using the skeleton from Monte San Giorgio Paranothosaurus amsleri [102] for comparison. This revision of the single bones and skeletons has resulted in a first "bone element overview" for this, the largest of the nothosaur species (Figs. 9-10 ). The history of this skeleton from Monte San Giorgio has again revealed the use of invalid and synonymous species names at the Monte San Giorgio Swiss/Italian site, which has previously been discussed for the skulls by Rieppel and Wild [60] . However, rather than following the suggestion by Rieppel and Wild [60] to use the genus name "Nothosaurus", the Paranothosaurus [102] genus name is preferred because of the very strong cranial and postcranial anatomic differences between those two, as again demonstrated herein for all body parts, revealing very different bone and skeleton anatomies (Figs.  8-10 ). The main difference is in the vertebrae, which have short spines in P. giganteus [58] including short cervical to dorsal vertebra centra with extended zygapophyses (Figs. 9.8-15), which would only have allowed a paraxial type of locomotion and prevented any rowing action of the limb extremities. Bones from all parts of the body are represented from the Bayreuth sites, and an articulated skeleton from Bayreuth remains unpublished (coll. SNSD); the skeleton reconstruction based on "P. amsleri [103] " in [49] was re-used, but once again with slight modifications, in this case on the limbs and in particular the ulna/radius.
Lariosaurus cf. buzzii Tschanz, 1989 : The skull ( Fig. 7.1 ) illustrated in Edinger [104] as Nothosaurus sp., and identified by Rieppel and Wild [60] as "N. marchicus" is revised here to Lariosaurus cf. buzzii [1] because the skull shape, nasar, orbit and parietal foramina shapes and measurements match more closely to those of Lariosaurus than to those of Nothosaurus. In addition to the cranium, the postcranial remains first identified herein, which include a humerus, coracoid, femur and ischium, and also possibly a dorsal vertebra centra (Figs. 7.2-7), are quite characteristic of Lariosaurus when compared to a skeleton cast in the BSP (from Perledo, Italy) and the descriptions of Curioni [1] and Ticli [105] or Tschanz [106] , and thus support the presence of this genus, as would be expected, in the Germanic Basin. Other new evidence comes from a skull of similar age from Bad Sulza that was mis-identified as "N. marchicus" in Rieppel and Wild [60] , which is in fact a similar Lariosaurus skull [107] . Also from Bad Sulza, several postcranial bones with similar proportions, from all parts of the body, again prove the presence of a large Lariosaurus (cf. buzzii [1] ) in the Germanic Basin during the late Illyrian to Fassanian. In contrast, N. marchicus has only been positively identified from the Bithynian to the early Illyrian in the Germanic Basin, during the upper Lower/basal Middle Muschelkalk (late Pelsonian). With the subsequent transgression Nothosaurus appeared as a more highly evolved form at the end of the Middle Muschelkalk [104] , as has recently been described from a large quantity of cranial and postcranial material from Bad Sulza [107] . Without details of the stratigraphic occurrences, the skull determinations, or the study of all postcranial bone remains from the Bad Sulza and Bayreuth sites, previous authors have not been able recognize this genus [10] , which was in fact widely distributed in the north-western Tethys and the Germanic Basin from the Illyrian to the Longobardian. The claims of Monte San Giorgio endemism [10] must therefore now be revised.
Pistosaurus longaevus Meyer, 1839:
The previously illustrated skeleton reconstruction [49] has been modified following a new and comprehensive review [21] . As well as the holotype skull from Bindlach ( Fig. 12.2, [7] ), many single bones have been re-identified during the study of the paratype skeleton [87] , which was found in the SMF collection under the name "Nothosaurus strunzi" (SMF no. 4041), as described by Geissler [45] and, in some selected parts, by Sues [92] . More then 200 single bones, mostly from the Bayreuth localities were included with the study of this postcranial skeleton (Fig. 12.23) , allowing a detailed anatomical atlas to be prepared [21] , from which only some selected material from the Bayreuth sites is illustrated herein (Figs. 12) . The locomotion of this open-marine adapted reptile was reconstructed from the skeletal anatomy, especially the primitive paddles which allowed "primitive subaquatic flying" [21] .
Shastasaurus sp.: In contrast to the sauropterygian reptilian diving forms and the rich ichthyosaur fauna from the north-western Tethys of Monte San Giorgio (for example [96, 97, [108] [109] [110] [111] , the very limited amount of German ichthyosaur material present within the Bayreuth material [36] consists of just a few bones. One non-prepared lower jaw was not possible to re-figure, instead the dorsal vertebra of the type specimen of "Cymbospondylus" is figured ( [36] , Fig. 13.3 ). The ischium described by Huene [36] (Fig. 13.2 ) can now be compared to the first complete Shastasaurus skeleton from the Longobardian of China [112] , and its attribution to Shastasaurus can thus be validated, but the species attribution of the single bone must remain open, even though it is almost identical in shape. The "Delphinosaurus" holotype scapula determined by Huene [36] has been revised to be a pubis bone from Pistosaurus longaevus ( [21] , Fig.  12.19 ). The Shastasaurus species described globally from the Triassic are S. carinthiacus [108] , nomen dubium) from the Austrian Alps, S. neubigi ([113] , nomen dubium) from Bavaria in Germany, S. pacificus from California and Mexico in North America [114] , and S. tangae from Guizhou Province in China [109, 112] . Few discoveries in Germany do not yet allow a clear species attribution.
Omphalosaurus sp.: A small ichthyosaur radius (Fig.  13.4 ) and a dorsal vertebra (Fig. 13.5) , which possibly originated from Omphalosaurus sp. compared to skeletal material from North America (cf. [115] [116] [117] ), can here be added to the fauna. The rareness of ichthyosaurs in the Germanic Basin supports the facies interpretations of generally shallow marine habitats, even in the basin centre, during the Upper Muschelkalk. Omphalosaurus was distributed in the northern hemisphere [118, 119] and seems to have only rarely migrated into the Germanic Basin.
Tanystrophaeus conspicuus Meyer, 1847: The terrestrial lepidosaur Tanystrophaeus conspicuus [7] holotype was based on a cervical vertebra from Bindlach ( Fig. 14.2 , UM-O no. BT 732, see [120] ). No skulls for this terrestrial reptile have yet been found in the Germanic Basin, but teeth found in the Bayreuth area are illustrated herein (Fig. 14.1) , together with an overview of selected postcranial material (Fig. 14.2-15 ) that was redescribed by Huene [121] and also to a large extent by Wild ([47, 120, 122] ), including a femur (Fig. 14.15 ) and a previously unidentified humerus from a young animal (Fig. 14.14) . The neck and limb positions in former skeleton reconstructions [123, 124] have been modified in the skeleton anatomy, neck and limb positions by Diedrich [49] , and the locomotion adapted to match Synaptichnium footprints which have recently been interpreted to have been produced by Tanystrophaeus [28] . Tanystrophaeus is quite common in the Bayreuth sites and it is believed to have been a coastal hunter, as was T. longibardicus [47] from Monte San Giorgio. New interpretations suggest that Tanystrophaeus may have been adapted for "beach fishing", with the neck elongation trend within the genus (T. antiquus to T. longibardicus, [47] ) being explained as a response to changes in the beach morphology from extensive shallow intertidal flats during the Lower Muschelkalk (T. antiquus) to steeper, less extensive beaches in the Upper Muschelkalk (T. conspicuus) [28] . The presence of coastal-dwelling animals resulted in their taphonomic record in coastal lagoons (for example at Monte San Giorgio) and shallow marine coastal subtidal deposits (for example at the Bayreuth sites).
Discussion
Stratigraphy
The Upper Muschelkalk sections studied in the Bayreuth area have been subdivided according to the international chronostratigraphy proposed by Bachmann and Kozur [54] , Kozur and Bachmann [125] . The lithostratigraphical subdivision in part follows Hagdorn and Simon [126] and Bachmann et al. [127] , the fossil marker horizons mainly after Hagdorn and Simon [67] , and the ceratite stratigraphy after Rose [128] , updated in Hagdorn [79] . Two new formation names (stratotypes) are introduced herein with the Bindlach and Hegnabrunn formations distinguished by their markedly different facies types. The sections of Lainecker Höhenzug have been compared to those from Lamerden in the more deep basinal position [87] , Bissendorf in the marginal western shallow basin position [129] , and Bad Sulza in similar position as the Bayreuther sites [44] in Germany, and with their facies interpretations [67, 79, 126, 130, 131] using the ceratite biozonations which are not restricted to particular facies [31, 47, 50, 128, [132] [133] [134] [135] [136] .
Bone bed dating
The Bayreuth bone beds at Bindlach can be dated through comparisons with the above-mentioned ceratite biostratigraphy, mainly following Rhode [132] , and Hagdorn [79] , and with other recently studied and correlated sections in Bissendorf and Lamerden ( [28, 133] ; Fig. 3 ). They fall into three ceratite biozones between the atavus, pulcher, robustus, and compressus zones, while the "Spiriferina Bed" which is well known in southern Germany ( [137] ), is possibly present at the top of the Bindlach 1 section. The historical bone material was not all collected from one layer or from a single bone bed (there are at least three main bone beds, Figs. 2-3 ) and spans a period of about 2.5 million years in the late Illyrian and Fassanian (chronostratigraphy after [125] ). These bone beds are all much older than the famous Muschelkalk/Keuper bone beds of southern Germany, well known from Crailsheim, which are from the Fassanian/Longobardian boundary [138, 139] which correspond herin to the Bayreuther boundary bonebeds in the road cut section. ichthyosaurs distribution from Sander and Mazin, [109] ; intertidals Germanic Basin after [28] ; other sauropterygian distributions from [28, 62] ; pistosaur distribution from [21] ; archosaur migrations from [66] ). B. Horseshoe crab reproduction migrations into the Germanic Basin appear to have resulted in large-scale food-chain reactions for terrestrial and marine reptiles. Thecodont archosaurs appear to have migrated north-south on the land massive and ichthyosaurs and pistosaurs must have interchanged east-west, whereas placodonts were limited to the shallow marine coastal areas and intracratonic basins along the Pangaean-Tethys coastlines within the tropics (Middle Triassic globe and Europe after [26] ; intertidal zones of the Germanic Basin after [28] ).
The Hegnabrunn section includes the evolutus and spinosus bone beds and contains bone remains that are younger than those from Bindlach (and possibly Laineck). The evolutus bone bed is also distributed in the Weserbergland of north-western Germany, north-east of the Rhenish Massif [78] . This section at Hegnabrunn covers a period of about 1.0 million years (after [125] ).
In the Laineck road cut the uppermost Upper Muschelkalk nodosus bone bed is the last marine layer with a marine reptile fauna and is followed by several thin bone beds at the Muschelkalk/Keuper boundary (cf. Figs. 2-3 ) in whose brackish influenced and lagoonal facies the first limnic amphibian remains appear (cf. amphibians in: [24, 25, 31, 140] ). Within about the following 1 million years more bone beds developed because of the regression of the Germanic Basin and more common repetitions of marginal facies conditions (for example [31, 129] . These bone beds are both thicker and more condensed, forming "bone bed gravels" comprising the remains of animals adapted to brackish conditions (for example Blezingeria) and even amphibians (for example Mastodonsaurus, Plagiosuchus, Gerrothorax), thus indicating the influence of fresh water [133] and the disappearance of marine conditions along the basin margins, starting above the nodosus zone in the Lainecker Höhenzug area (Fig. 3) . 
Facies differences in the Bayreuther sections
Four main facies types can be distinguished in the Upper Muschelkalk of Lainecker Höhenzug, with different cycles of sedimentation (Figs. 2-3) . The Bindlach Formation is largely made up of glauconitic nodular marls and terebratulid-dominated limestone beds which are of tempestite origin (cf. [52] ; Fig. 2A ). In some parts of this section, and also over much of the Upper Muschelkalk, platy limestones (= Tonplatten, cf. [52] ) are represented with some thicker claystone layers forming possible regional marker beds which correlate well in southern Germany such as the Spiriferina Bed, "Wellenkalk Bed", or bed of small terebratulids (cf. [137] ; Fig. 2B ), but overlap with marker beds especially in the upper section which is more in northern German facies such as the "Albertii-Bed" (for example [129] ) or the best marker beds at all -the partly facies breaking and basin distributed bone beds. The overlying Hegnabrunn Formation is characterized by nodular marlstones (Fig. 2C) , which are also glauconitic and are absent in northern Germany (for example [129] ); these alternate rhythmically with terebratulid-dominated tempestites have sometimes become hardgrounds (cf. [31, 52] ; Fig. 2C ). The succeeding Meißner and Warburg Formations at the top of the Upper Muschelkalk (Laineck road cut) consist of dolomitic limestones, dolomites, dark-coloured clays, a bone bed, and grey to brown marlstones, and are similar to northern Germany with ceratite absence above the nodosus biozone (for example [28] ; Fig. 2D ).
While the chronostratigraphy follows Bachmann and Kozur [54] , and Kozur and Bachmann [125] , the lithostratigraphical subdivisions of Hagdorn and Simon [126] , and Bachmann et al., [127] were also used in part, because there is an overlap in Bayreuth between the main facies types of northern and south-western Germany (cf. Fig. 3 ), resulting in variations in the general marginal facies. As a result, two new formation names have been introduced because of the absence of the trochitic crinoidal limestones (Trochitenkalk Formation: [126, 127] ; Fig. 3 ) and the near absence of the deeper shallow marine Tonplatten facies (Meißner Formation; cf. [126, 127] ). The Bindlach Formation consists of cyclic, autochthonous, glau-conitic marls and terebratulid-dominated tempestite beds (cf. [51] ). The parasequences are mostly coarsening up sequences -sensu Aigner [141] -within the general transgressive trend of the middle Upper Muschelkalk. The autochthonous marls are similar to the Hasmersheimer subformation sediments, but they are stratigraphically and palaeogeographically restricted, reaching only into the atavus biozone, and are better developed in the south ( [31] ). These marls alternate with tempestites throughout the Bindlach Formation, extending from the atavus zone into the compressus zone. The Hegnabrunn Formation, which follows the Bindlach Formation, is further dominated by tempestites, with intercalating nodular marlstones, and hence each of these sequences has been given a separate formation name.
The Coenothyris vulgaris terebratulids formed tempestite layers that were only 5-25 cm thick in the Bayreuth localities, but at Bissendorf (northern Germany) these terebratulids formed a 10 m thick massive terebratulid-shell limestone bed (rudstone) in the Osnabrücker Formation ( [129] , Fig. 3 ). Coenothyris is almost completely absent from Lamerden, being present only in a single thin (10 cm) tempestite layer in the atavus zone that also includes double valved specimens of C. vulgaris (cf. Fig. 3 ). Although at Lamerden the facies is mostly that of a steep basinal ramp, starting with a 10 m thickness of crinoidal limestones (= Trochitenkalk facies) and overlain by Tonplatten facies (Fig. 3) , the Trochitenkalk facies is absent from the Lainecker Höhenzug outcrops and in Bissendorf is represented only by a 10 cm thick Trochitenkalk Bed in the pulcher zone (cf. Fig. 3 ).
Facies related reptile occurrences and biogeography
The selected sections figured herein (Fig. 3) are quite well subdivided by their bio-and chronostratigraphy and include the various bone beds [49, 129] i, show the main facies types, within a cross section of those facies types in the Upper Muschelkalk of the Germanic Basin. The lagoonal facies at the beginning of the Upper Muschelkalk is mainly represented in the centre of the Germanic Basin, while intertidal flats with mud-cracked biomats were present at the coasts [28] . The new Upper Muschelkalk marine transgression oolitic bars (= oolite bar facies, Fig. 3) were distributed within the basin centre and on the western ramp. The steeper basin margins surrounding the Bohemian Massif developed into glauconitic marls and terebratulid tempestites (= marginal facies, Fig.  3 ). The crinoidal facies formed at about 7 metres water depth, with Encrinus bioherms developing mainly in the south-western Bavarian Depression and to the west of the Rhenish Massif and Hessian Depression areas, where they formed along the steep carbonate ramps as a result of the basin morphology ( [31, 52] , Fig. 3 ).
With the facies development in the basal Upper Muschelkalk (Diemel Formation) (Fig. 16, [28] ) extensive oolitic sand bar deposits accumulated in the central part of the Germanic Basin. Placodont reptiles and some sauropterygians migrated into the area with the new Muschelkalk transgression, following the development of macroalgae meadows (Fig. 16A) .
The shallow carbonate ramp intertidal flat zones subsequently disappeared and were replaced by steep ramps whose facies types are reflected in the Trochitenkalk Formation and Meißner Formation of the middle Upper Muschelkalk at Bindlach and Hegnabrunn [28] . With the development of deeper basin morphology and steeper coastal ramps the macroalgae zones migrated towards the coastlines and were replaced by crinoidal meadows (Fig.  16B) . The maximum flooding increased the reptile biodiversity of also ichthyosaurs which were adapted to fully marine conditions (Fig. 16B) . The regression in the upper part of the Upper Muschelkalk (Warburg Formation/Erfurt Formation) then produced drastic changes, with the disappearance of macroalgae and crinoids. Only periodic interchanges through the Burgundian Gate allowed further marine reptile migrations into the Bavarian/Hesse Depression (Fig. 6C ).
This lagoonal area connected to the Northwest-Tethys then became more hypersaline and restricted, and eventually brackish (Fig. 16D) with bone beds containing a mixing with non-marine faunas (= Grenz bone beds, Crailsheim, [142, 143] ; Fig. 15 -Lamerden) , followed by an increase in marine/brackish reptiles (for example Kirchheim Anthrakonit Bed) and the dominance of pachypleurosaurs (cf. [23] ), and finally, the presence of brackish/limnic amphibians and thecodont archosaurs in the early Keuper (Kupferzell, Vellberg-Eschenau, Lower Grey Marls Bed: cf. [24, 25, 31, 140] ).
Quantitative analyses of the Bayreuther reptile fauna
At least 600 single bones have been newly identified, which form the basis for the preliminary statistics. One problem appears to be the absence of smaller reptiles, especially those such as the pachypleurosaurs, but the material from the larger reptiles nevertheless allows a comparison to be made with the previously examined bone bed assemblages from Bissendorf [49] and Lamerden [17] .
In this analyses of the Bayreuth reptile fauna only the skull material was used for the minimum number of individuals (MNI) statistics, because the postcranial material is not fully prepared and identified in all specimens. For those species where there was no skull material available (Neusticosaurus, Tanystrophaeus etc.) the number was set on 1, which was added on the other species amounts each. The results of this cranial-based analysis (Fig.  15 ) support the quantitative analyses and reptile faciesrelation (Fig. 3) . These statistics, when compared to those from Lamerden and Bissendorf, support the compositional differences in the reptile fauna and the facies-related interpretations. Only in the macroalgae-and terebratulidrich shallow marine facies of the atavus to evolutus bone beds are placodonts represented (predominantly by Placodus) at Bissendorf, whereas they are abundant (together with Cyamodus) within the reptile fauna at the Bayreuth sites (Fig. 15C) , and almost completely absent from Monte San Giorgio [151] or Lamerden [133] lagoons. They are well represented in the Bissendorf compressus bone bed but fewer in number, although this is possibly a result of the limited amount of material available (Fig. 15B) . In Lamerden, the enodis/poseckeri bone bed assemblage is very different in its reptile composition and quantity (Fig. 15A) , and the absence of any placodonts correlates with the absence of a macroalgaepalaeocommunity. Instead, amphibian remains result from a limnic influence (Fig. 15A) , although predominantly pachypleurosaur bones suggests a lagoonal paleoenvironment. Not only are the Muschelkalk invertebrate communities [31, 51, 74] important for facies analyses and palaeoenvironmental reconstructions, but so to are the reptile or fish (cf. [144, 145] ) faunas.
Global context of the Germanic Basin reptiles and track records
The endemism in north-western Tethys and Germanic Basin reptiles can now be seen to be far less common than previously described (for example [10] ). The main faunal differences between the Germanic Basin and Monte San Giorgio marine reptile faunas are the presence or absence of abundant Placodus gigas. Their abundance in the Germanic Basin was because of the shallow marine macroalgae-rich habitats which were absent in the Monte San Giorgio lagoons (cf. [145] [146] [147] ). These "Triassic sea cows" [43] were not shell consumers (as has commonly been claimed without any supporting evidence: Westphal, [10, 148, 149] , but fed on these macroalgaerich habitats of the Germanic Basin. This absence of Placodus within the reptile fauna of Monte San Giorgio, which remained unexplained in previous palaeobiogeographical studies [42, 150] , is therefore now clearly explained. However, similar species of Paraplacodus and Cyamodus, which are also believed to have been macroalgae feeders [43] , are present in both regions, for example Paraplacodus broili [151] , and Cyamodus kuhnschnyderi. These may have fed on different algae that were spread along the Pangaean coastlines [56] . Another similarity between these two regions is the presence of pachypleurosaurs such as Neusticosaurus pusillus [23, 152] . Lariosaurus balsami is also not endemic and has been identified from Bad Sulza [107] as well as in the Bayreuth localities to be a common smaller nothosaur; its remains were previously incorrectly attributed to Lower Muschelkalk species (such as "N. marchicus"-skulls, see [60] ) and the postcranial material was completely overlooked. The large Nothosaurus mirabilis, as well as Paranothosaurus giganteus, were also previously incorrectly identified, but their skull identifications were subsequently revised [60] . Simosaurus gaillardoti seemed to be restricted to the fossil record of the Germanic Basin, but more recent discoveries at Siles, in Spain [101] prove that they also existed in the north-western Tethys. While there appear to be major differences in the the abundances of ichthyosaurs in the Germanic Basin and Monte San Giorgio (cf. [108, 110, 111, 113, 152] ), the Shastasaurus and Omphalosaurus species are similar in both the Tethys and the Germanic Basin, and their abundance differences relate to the open marine northwestern Tethys and shallow intreacratonic Germanic Basin conditions. Finally, the terrestrial reptile record is different between the Germanic Basin and Monte San Giorgio/Perledo, as is the track record attributed to these animals ( [129] ). At Monte San Giorgio the carcasses of several terrestrial reptiles were washed into the lagoons, including those of Hescheleria ruebeli [153] , Macrocnemus bassani [154] , Tanystrophaeus longibardicus [155] , and Ticinosuchus ferox [156] . These all appear to be the younger records (Fassanian) of the older (Aegean-Illyrian) track records from the Germanic Basin of Procolophonichnium (Hescheleria tracks), Rhynchosauroides (Macrocnemus tracks), and Chirotherium, Isochirotherium (Ticinosuchus, Arizonasaurus tracks) [66, 129] . The track record also provides evidence that additional Middle Triasic reptiles remain to be discovered at Monte San Giorgio because, for example, the Isochirotherium tracks are most probably related to the Arizonasaurus skeletal remains found in North-America (Fig. 17, [64, 66] ). The Germanic Basin provides a track and terrestrial fossil track record for the Middle Triassic that includes behavioural details such as the feeding of archosaurs on horseshoe crabs [64, 66] , and palaeoenvironments that were unique during the Middle Triassic in the centre of the Pangaean World. The lagoons of Monte San Giorgio provide evidence of another aspect of the Middle Triassic biodiversity, together with ecological information -and only a consideration of both areas together can provide a complete picture of the Middle Triassic marine and coastal life, and in particular the reptiles which were eventually restricted to the warmer ocean regions of the globe [157] . This also supports the theory of the "Triassic Sea Cows", because the shallow marine carbonates and macroalgae palaeocommunities that they fed on appear to have been restricted to the subtropics to tropics marine regions (Fig. 16) .
Horseshoe crab reproduction beaches and reptile food-chain reactions
Within warmer regions horseshoe crab reproduction zones have been identified as having been restricted to the extended intertidal and coastal zones of the Germanic Basin during the Middle Triassic [62] , and appear to have resulted in widespread food chain reactions among the terrestrial archosaur populations, possibly even resulting in global migrations ( [62, 66] ). The large numbers of horseshoe crabs in these reproduction zones (mainly documented by the enormous amounts of tracks and trackways: [62] ) must also have attracted fish, and higher predators such as the shallow marine pachypleurosaurs and nothosaurs, explaining their presence in large numbers within the Germanic Basin. The record of juvenile horseshoe crabs found in intertidal deposits of the uppermost Middle Muschelkalk at one of the Bayreuth localities [63, 158] , Diemel Formation, cf. Fig. 3 ) supports the unique situation of the Germanic Basin in Pangaea with respect to its food chains. The horseshoe crab reproduction beaches are completely absent from the Monte San Giorgio lagoons, as are reptile tracks or intertidal biolaminate sediments. In summary, the Monte San Giorgio/Perledo lagoons and the Germanic Basin shallow marine habitats are both of similar international importance in understanding of invertebrate and vertebrate palaeocommunities of similar ages (Illyrian-Fassanian), in two different paleogeographical situations.
Biodiversity, biogeography and reproduction
That the Monte San Giorgio/Perledo lagoons and the Germanic Basin are very similar in their marine vertebrate faunas is not surprising, and following the discovery of new placodont and nothosaur records in China [11, 159] it would appear that these reptiles adapted to shallow marine conditions (placodonts, nothosaurs) interchanged between "Israel" and "China" along the north-western Tethys coastlines (Fig. 16) . The material from Bayreuth is from the Illyrian to Fassanian and younger in age than the new skeletal material from China, which dates into the Pelsonian [11] . The placodont occurrences correlate with the distribution of shallow marine carbonates. In contrast, the open water marine pistosaurs must have interchanged between the east coast of Pangaea where their remains have been found [113] , and the west coast of Pangaea, which could only have happened more or less within the tropics (Fig. 16) . The fully-marine adapted ichthyosaurs, however, are found all over the world (Fig. 16, [113, 152] ).
Various reptile groups were already producing live offspring within marine environments, such as, for example, the pachypleurosaurs [160] and ichthyosaurs [110] , and the sauropterygians were also possibly able to reproduce in this more evolved manner, which explains the absence of marine reptile trackways on the surrounding intertidals of the Germanic Basin coasts [64, 129] , which would be expected in beach reproduction zones, where the eggs of reptiles are likely to have been deposited.
Conclusions
The famous Middle Triassic reptile outcrops near Bayreuth, in southern Germany, are in most cases still accessible. Three main sections at Hegnabrunn, Bindlach and Laineck are composed of a 70 metre thick "complete Upper Muschelkalk" limestone series (ranging from below the pulcher to above the semipartitus biozones). This can be subdivided into two new formations, the Bindlach Formation and Hegnabrunn Formation, which are in turn overlain by the existing Warburg Formation and Erfurt Formation. The section ranges from the top of the uppermost Middle Muschelkalk (Diemel Formation, late Illyrian) to the earliest Keuper (Erfurt Formation, middle Longobardian). Dating of these sediments is possible on the basis of ceratite finds, which range from the atavus to the nodosus biozones. The Upper Muschelkalk series contains several bone beds, which are named after the ceratites that they contain, which can be found mostly basin-wide as marker beds in several cases. Most of the historically collected bones are from the Bindlach sections, which range from the atavus to the evolutus biozones (lower Upper Muschalkalk, late Illyrian to early Fassanian). Sediment attached to un-prepared bones is similar to the main facies type of the Bindlach Formation, terebratulid-rich tempestite layers that intercalate with the autochthonous glauconitic marls. Benthic invertebrate palaeocommunities at Bayreuth in the Illyrian/Fassanian series are adapted to macroalgae meadows and facies. Those algae seem to have been the main food source for Placodus gigas populations consisting of small young to large grown up individuals. The reptiles occur mostly during the Bindlach Formation and to a lesser extent in the Hegnabrunn Formation. The "Triassic Sea Cows" formed a high percentage (45%) of the reptile assemblages in the Bayreuth region, where these shallow marine divers were found abundantly only in the intracratonic Germanic Basin. Large numbers of the placodonts (Paraplacodus, Placodus, Cyamodus) are useful for the identification of macroalgae habitats and palaeoenvironments. In contrast, the ichthyosaurs, which are abundant all over Pangaea, particularly in the northwest Tethys and the Monte San Giorgio/Perledo lagoons, are almost completely absent from the Bayreuth facies indicating a reptile group highly adapted to open marine conditions. Pistosaurs, which are common in the Bayreuth facies are also open marine adapted "subaquatic flying reptiles" and appear to have travelled over the globe, as do modern whales; they possibly migrated into the special shallow marine intracratonic Germanic Basin for reproduction purposes only, because more than 99% of the bone material recovered is from large grown up individuals.
Horseshoe crabs also used the Germanic Basin as a reproduction area during the Middle Triassic, which must have resulted in a wide-reaching food-chain reaction. Evidence for this has already been provided in the form of archosaur feeding traces on a horseshoe crab, but is also likely to have extended to marine reptiles such as pachypleurosaurs (Anarosaurus pumilio, Phygosaurus sp.) and small nothosaurs (Nothosaurus marchicus) that possibly fed seasonally the fish, which latter preyed upon the horseshoe crab eggs in the shallowest marine coastal habitats, such as best demonstrated at the Bernburg vertebrate and vertebrate track site. There horseshoe reproduction on carbonate intertidals is best documented by very abundant horseshoe crab trackways; additionally some reptile bones of Phygosaurus, Nothosaurus and shark fin spines were found washed into large Isochirotherium and Chirotherium trackways.
All of the special conditions of the Germanic Basin that are absent from other parts of the Pangaean world, including its location northwest of the Tethys Ocean in the warm climatic zone of the central Pangaean continent, the unique intertidal carbonate mud flat coastlines, and the shallow marine and macroalgae-rich palaeoenvironments, can best be compared to the analogous situation in the present-day Persian Gulf. Sea turtles (with ethological convergences to placodonts), whales (ethological convergences to pistosaurs), and in particular, large populations (comprising several thousand individuals) of seagrass-feeding dugongs (ethological convergences to Placodus) migrate into the Persian Gulf.
In some instances higher marine reptiles such as pistosaurs and ichthyosaurs may have only migrated seasonally, for reproduction purposes. At the highstand that occurred within the Bindlach and Hegnabrunn formations, a very diverse invertebrate and vertebrate community lived under normal saline conditions and warm water temperatures that prevailed during these higher-sea level conditions. The placodonts disappeared from the Germanic Basin in response to the disappearance of macroalgae; the disappearance of all placodonts is well documented within the Bayreuth Upper Muschelkalk sections. This massive environmental change in the Germanic Basin occurred within the Warburg Formation (Longobardian), when the Germanic Basin was uplifted and fluvial influences produced brackish lagoons that yielded bone beds completely devoid of placodont bones. The placodonts were mainly replaced by large populations of small pachypleurosaurs, Blezingeria and much larger nothosaurs N. giganteus or S. gaillardoti, which appear to have adapted to Neusticosaurus predation. With the disappearance of the Germanic Basin during the Erfurt Formation (Longobardian), amphibians (Mastodonsaurus, Gerrothorax, Plagiosuchus) and archosaurs (Batrachotomus) became abundant in the brackish, shallow lagoon bone beds, often still mixed in some layers with the remains of pachypleurosaurs and giant nothosaurs.
Apart from their invertebrate palaeocommunities, the vertebrates and bone beds of the Middle Triassic are very valuable for stratigraphic and palaeoenvironmental reconstructions -a value that not only applies to the Germanic Basin, but is also useful for global comparisons. In this case, ichthyosaurs and pistosaurs were the only open marine reptile groups that could have been distributed right across the Panthalassa Ocean (including the Tethys), possibly even migrating into marginal basins for reproduction purposes. Most other marine reptiles, such as the nothosaurs (Lariosaurus, Nothosaurus, Simosaurus), for example, were shallow marine coastal hunters. Pachypleurosaurs (Neusticosaurus) were adapted to lagoonal environments, and placodonts were restricted to macroalgae-rich shallow marine habitats, which were best developed in parts of the Germanic Basin, such as around Bayreuth, but also existed on temperate shelf margins along the Pangaean coasts.
Finally, along the beaches of Bayreuth and the entire Germanic Basin coastline, terrestrial reptiles including Tanystrophaeus appear to have used the intertidal zones and beaches as habitats, leaving behind their footprints, together with those of several other terrestrial reptiles such as Macrocnemus (Rhynchosauroides tracks), Hescheleria (Procolophonichnium tracks), Ticinosuchus (Chirotherium tracks), and Arizonasaurus (Isochirotherium tracks), whose carcasses were washed into the coastal sediments as well as into the adjacent lagoons.
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